Twenty two new 5-fluorouracil (5-FU) derivatives, 2-butoxy-4-substituted 5-fluoropyrimidines, were synthesized and characterized by IR, 1 H NMR, MS, HRMS. All compounds were preliminarily evaluated by MTT assay on human liver BEL-7402 cancer cell line in vitro. Ten compounds were selected to test their cytotoxic activity against A549, HL-60 and MCF-7 cancer cell lines in vitro. These compounds were more sensitive to BEL-7402 than other cell lines, particularly, cytotoxic activity of compounds 6b, 6d-f, 6p, 6s-u were in sub-micromolar scale. The highest cytotoxic potency against A549, HL-60 and MCF-7 was shown by 2-butoxy-4-chloro-5-fluoropyrimidine (5) with IC 50 values of 0.10, 1.66 and 0.59 µM, respectively. Compounds 6d and 6e were effective against MCF-7 with IC 50 9.73 µM and HL-60 with IC 50 8.83 µM, respectively.
Introduction 5-Fluorouracil (5-FU, 1a), a pyrimidine analogue, has been found as a kind of highly effective antimetabolism drug for the treatment of malignances, ever since it was first synthesized by Duschinsky in 1957.
1 5-FU was considered as suicide inactivator as it blocked DNA biosynthesis by inhibiting thymidylate synthase, and finally induced cell cycle arrest.
2 However, 5-FU exhibited high toxicity and poor tumor affinity, which limited its therapeutic application and led to high incidence of bone marrow, gastrointestinal tract and central nervous toxicity.
3,4
Numorous modifications of 5-FU structure have been investigated to improve its pharmacological and pharmacokinetic properties, among which tegafur (1b), carmofur (1c) and floxuridine (1d) have been widely used in clinical with increased bioactivity, selectivity, metabolic stability, absorption or low toxicity (Fig. 1) . 5 Other research mainly focused on modifications at N 1 or N 3 positions, such as nucleoside analogues like FdUMP, 6 or conjugation with peptides, 7 amino acids, 8 glucose. 9 Optimization strategies of 5-FU incorporated into synthetic or natural macromolecules, for example pectin-5-FU, 10 porphyran-5-FU, 11 and folic acid-5-FU, 12 were associated with significant anti-tumor activity. Besides, target-oriented 5-FU derivatives were also appreciated, such as liver targeting cholic acid-5-FU conjugate, which delivered the prodrug into liver tissue and released 5-FU in remarkably high concentration, 13 and 5-FU conjugated with sorbitolbased G8 transporter was found to have an affinity toward mitochondria and to readily cross blood-brain barrier.
14 Hybridization of bioactive natural and unnatural compounds is a niche in the field of drug discovery and regarded as most promising and fundamental novel approaches for the discovery of new and potent drugs. 15, 16 In light of the combined use of camptothecin (CPT) and 5-FU in clinical therapy, the conjugation of 5-FU and CPT with dipeptides improved tumor selectivity, efficiency, safety, and were comparable or superior to irinotecan. 17 Other hybrids, incorporating various pharmacophores with antitumor activity including cytarabine-5-FU, 18 cisplatin-5-FU, 19 podophyllotoxin-5-FU, 20 ampelopsin-5-FU, 21 inhanced 5-FU's physical and chemical profiles and overcame its disadvantages. With these exciting results achieved so far, 5-FU was an attractive lead compound for the development of novel antitumor agents, but few modifications were found at O 2 or O 4 positions. Some O-substituted 5-FU derivatives including 2,4-dibenzyloxy-5-fluoropyrimidine, synthesized by Yamashita's group were as effective as tegafur (1b) against Ehrlich carcinoma and sarcoma 180 cells, and showed higher blood concentration of 5-FU and higher LD 50 than tegafur (1b).
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Recently, Benko's group disclosed that some 2-alkoxy-4-substituted amino-5-fluoropyrimidine derivatives possessed good antifungal activity and patented as fungicides. 23 However, there was no further study on whether these compounds have anticancer activity or not.
2-O-n-Butyl-5-fluorouracil (FD-2) was considered as a low toxic, high efficient antineoplastic drug. In vivo study revealed that the toxicity of FD-2 was 1/6 to 1/8 of 5-FU, but the antitumor effect was comparable to 5-FU. In addition, FD-2 would release 5-FU in high concentration in blood by oral administration and maintain longer time course compared to 5-FU and tegadifur in vivo.
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Inspired with these findings, our group have synthesized a series of new 2-butoxy-4-substituted 5-fluoropyrimidines 5, 6a-u by introduction of n-butoxy group into the O 2 -position and chloro or amino group into the O 4 -position to investigate whether proper substituents on the 5-FU could improve the cytotoxic activity against cancer cells.
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Experimental
Chemistry. Melting points were determined using an XRC apparatus and are uncorrected. Infrared spectra (IR) were recorded on a Thermo Nicolet 370 FT-IR spectrophotometer.
1
H NMR spectra were measured on a Bruker AVANCE spectrometer at 500 MHz using TMS as an internal standard. Mass spectra (MS) were taken on an HP 5989B spectrometer with EI source. High resolution mass spectra (HRMS) were taken on a Varian spectrometer. All the chemicals and solvents were of analytical reagent and commercially available, and used as received unless otherwise stated.
General Procedure for Preparation of Compounds 2-4. 2,4-Dichloro-5-fluoropyrimidine (2) was synthesized from 5-FU by treating with phosphorus oxychloride and N,Ndimethylaniline in good yield. Compound 2 was hydrolyzed in tetrahydrofuran by adding 2 N sodium hydroxide to give 3, which was treated with sodium alkoxide to form 2-butoxy-5-fluoropyrimidine-4(3H)-one (4). The spectra data of compounds 2-4 are in good agreement with literature. General Procedure for Preparation of Compounds 6a-u. To a stirred solution of 5 (1.0 g, 4.9 mmol) in ethanol (15 mL) was added sodium carbonate (0.5 g, 4.9 mmol), followed by adding amine (5.9 mmol) under reflux. After completion by TLC detection, ethanol was evaporated. The residue was poured into water (20 mL) and extracted with dichloromethane. The extract was washed with water, dried over sodium sulfate, and evaporated to give the crude product, which was purified by recrystallization or column chromatography to afford 6a-u. 5 cells/mL by culture medium and seeded into 96-well plates at 100 μL/well and incubated in a 5% CO 2 incubator at 37 °C for 24 h. The cells were treated with compounds synthesized at different concentrations in DMSO solution. Mitochondrial metabolism was measured as a marker for cell growth by adding 10 μL/well MTT (5 mg/mL in medium, Sigma) and incubating 3 h at 37 °C. Crystals formed were dissolved in 150 μL of DMSO. The absorbance was determined using a microplate reader at 570 nm. The absorbance data were converted into a cell proliferation percentage, compared to DMSO treated cells, to determine growth inhibition. Triplicate testing was performed for each test compound. MTT assay against human liver BEL-7402 cancer cell line in vitro. The results were summarized in Table 1 . It suggested that the cytotoxic activity of compounds 5, 6b-f, 6m, 6p, 6s-u exhibited superior or equivalent cytotoxic effect to 5-FU against BEL-7402, several of which were in sub-micromolar scale. Some compounds demonstrated dose-dependent cytotoxicity on BEL-7402 cell line that the cytotoxic activity decreased with the concentration declined, which indicated that these compounds were not sensitive to BEL-7402 at lower concentration when O For example, the cytotoxic activity of compound 6q decreased rapidly from 10 −3 M to 10 −4 M. Besides, in view of a possible development of these compounds, their druglike properties following the Lipinski's rule of five were examined. 28 Most compounds met the requirements of this rule being HBD < 5, HBA < 10, MW < 500 and logP < 5. Evaluation of lipophilicity was performed by measuring partition coefficients (logP) with Molinspiration property engine and the results were listed in Table 1 .
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With these results, ten compounds were selected to evaluate their cytotoxic activity against human lung A549, leukemia HL-60 and breast MCF-7 cancer cell lines in vitro.
The results were summarized in Table 2 . Generally, the results showed that these compounds were more sensitive to BEL-7402 cell line. The highest cytotoxic potency was shown by chloro-substituted 2-butoxy-5-fluoropyrimidine 5 with IC 50 values of 0.10, 1.66, 0.59 µM against A549, HL-60 and MCF-7, respectively. However, compound 5 might not suitable for the potential hit compound due to its reactive chloride functional group. Compounds 6d and 6e were effective against MCF-7 with IC 50 9.73 µM and HL-60 with IC 50 8.83 µM, respectively. Substituent effect of R 3 was not obvious and little structure-activity relationship could be drawn. The calculated logP of compounds 5, 6d and 6e are 2.94, 4.68 and 4.70, respectively. The cytotoxicity might be associated with the 5-FU releasing ability in these O-substituted derivatives. The lability of some potent compounds as prodrugs should be further investigated.
Conclusion
A series of O-substituted 5-FU derivatives were synthesized and their cytotoxic activity was evaluated against BEL-7402, A549, HL-60 and MCF-7 cancer cell lines in vitro. The results indicated that the introduction of proper substituents to O 4 position of 2-butoxy-5-fluoropyrimidines could improve their cytotoxic activity. Compound 5 and some compounds 6b-f, 6m, 6p, 6s-u exhibited potential cytotoxic activity in micro or sub-micromolar scale. Further studies including the 5-FU releasing ability in vivo and lability of compounds are being undertaken. 
